The European Commission has designed a network of European Union-National Reference Laboratories (EU-NRLs), coordinated by a Community Reference Laboratory (CRL), for control of hygiene of milk and milk products (Council Directive 92/46/ECC). As a common contaminant of milk and milk products such as cheese, staphylococcal enterotoxins are often involved in human outbreaks and should be monitored regularly. The main tasks of the EU-CRLs were to select and transfer to the EU-NRLs a reference method for detection of enterotoxins, and to set up proficiency testing to evaluate the competency of the European laboratory network. The first interlaboratory exercise was performed on samples of freeze-dried cheese inoculated with 2 levels of staphylococcal enterotoxins (0.1 and 0.25 ng/g) and on an uninoculated control. These levels were chosen considering the EU regulation for staphylococcal enterotoxins in milk and milk products and the limit of detection of the enzyme-linked immunosorbent assay test recommended in the reference method. The trial was conducted according to the recommendations of ISO Guide 43. Results produced by laboratories were compiled and compared through statistical analysis. Except for data from 2 laboratories for the uninoculated control and cheese inoculated at 0.1 ng/g, all laboratories produced satisfactory results, showing the ability of the EU-NRL network to monitor the enterotoxin contaminant.
A ccording to European Council Directive 92/46/ECC (1) of June 16, 1992 , on the hygiene of the production of milk and milk products, the European Union (EU) implemented a network of National Reference Laboratories (EU-NRLs), coordinated by a Community Reference Laboratory (CRL), to assist the EU in regulatory analytical controls and surveillance of contamination of milk and milk products for pathogenic microorganisms and their toxins. Our laboratory, AFSSA-LERHQA (formerly CNEVA-LCHA), was designated in the above-mentioned directive as the CRL for analysis and testing of milk and milk products. The main tasks of the CRL are to select and/or develop analytical methods for the official control of milk and milk products, transfer those methods to NRLs, and evaluate the ability of the NRLs to practice the official method in compliance with the EU regulation in official controls.
Staphylococcal food poisoning, one of the most common foodborne diseases, results from ingestion of staphylococcal enterotoxins (SEs) performed in foods by enterotoxigenic strains of coagulase-positive (CPS) or, to a lesser extent, coagulase-negative staphylococci (2) . Dairy products are often involved in such outbreaks because of the occurrence of CPS in this type of food (3) . Various CPS biotypes are found in milk, with animal biotypes more frequently encountered than human biotypes. Sixty to eighty percent of goat and ewe strains are toxigenic, with staphylococcal enterotoxin type C (SEC) the most frequently produced. For cow's milk, 5-30% of bovine strains are estimated to produce staphylococcal enterotoxin type A (SEA). More than 50% of human strains found in milk and milk products are toxigenic, producing mainly SEA and, to a lesser extent, enterotoxins D, B, and C.
To date, 17 enterotoxins have been identified: enterotoxins A (SEA), B (SEB), C 1 (SEC 1 ), C 2 (SEC 2 ), C 3 (SEC 3 ), D (SED), E (SEE), G (SEG), H (SEH), I (SEI), J (SEJ; 2), K (SEK), L (SEL), M (SEM), N (SEN), O (SEO), and P (SEP; 4). Only 7 can be identified by antibodies of commercial immunoassay kits: SEA, SEB, SEC 1 , SEC 2 , SEC 3 , SED, and SEE. SEA is the enterotoxin encountered most often (75%) in staphylococcal food poisoning outbreaks in developed countries, followed by SED, SECs, and SEB. Outbreaks associated with SEE and SEH are rarely reported and the genes encoding for other toxins (SEI to SEP) have been observed only by polymerase chain reaction (PCR) techniques.
Proficiency testing is a valuable tool for assessing analytical performance of laboratories and for demonstrating the reliability of data produced. It is an interlaboratory study in which each participant receives the same samples to be analyzed by the method routinely used by the laboratories. Participants analyze those samples and their results are compared with the assigned values of samples. Until now, no interlaboratory trial for laboratory competency in the enterotoxin field has been organized because of the difficulty in procuring sufficient quantities of stable and homogeneous contaminated materials. This paper describes the feasibility of preparing a stabilized material, freeze-dried cheese, contaminated with SEA, and the first proficiency testing to evaluate the EU-NRL network in detection of staphylococcal enterotoxins.
Experimental

Organization of Proficiency Testing
The proficiency test was set up according to ISO Guide 43 (5) and to the ISO/IUPAC/AOAC Harmonized Protocol for the Proficiency Testing of Analytical Laboratories (6) . The matrix used to produce reference materials for this study was an inoculated and an uninoculated freeze-dried low fat cheese (Tomme de Savoie, 25% fat). Homogeneity and stability tests were performed by the CRL before dispatching blind duplicates to the NRLs (see below). Participants were asked to analyze samples for their staphylococcal enterotoxin contents by using the European reference method of the CRL, "Milk and milk products," 2000, version 1 (unpublished). Laboratory results were then compiled and analyzed by the CRL.
Participants
Participants were 15 EU-NRLs, one NRL from a country of the European Free Trade Association (Norway), and one NRL from a candidate country (Cyprus), all of them officially designated by their governments (Table 1) . Code names of participants were known only by the CRL and the European Commission (EC).
Preparation of Contaminated and Blank Batches of Cheese
Preliminary results showed that freeze-drying enhanced the stability of staphylococcal enterotoxins in a cheese matrix; therefore, the matrix used for this study was a freeze-dried low fat cheese (Tomme de Savoie, 25% fat, purchased in a local shop), affording a nonheated pressed paste. The low fat content also facilitates rehydration of freeze-dried materials. This type of cheese was chosen because it was made with raw cow's milk; almost 50% of cheese types collected for official control by public authorities are made with raw milk; the low fat content also avoids interferences during the detection step.
For contamination of the batches, SEA (Toxin Technology, Sarasota, FL) was selected because it is involved in most foodborne outbreaks (75%) in both France and the United States (7, 8) . Purity of the SEA solution was previously checked by size-exclusion chromatography, followed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). A quantitative double-sandwich type enzyme-linked immunosorbent assay (ELISA; the CRL confirmatory method, see below) was used to quantify amounts of SEA. SEA was rehydrated by following the manufacturer's instructions. Purity of the SEA batch used for contamination had been previously tested by a fast protein liquid chromatography system (Amersham Biosciences, Uppsala, Sweden) using 2 types of columns-HilLoad 16/60 Superdex 75 prep grade and Superose HR 10/30. SEA amounts in eluted fractions were measured by a spectrophotometer (Lambda 40, Perkin-Elmer, Norwalk, CT) at 277 nm, according to Bergdoll (9) . Eluted fractions were tested by the CRL confirmatory method for their content of staphylococcal enterotoxins A, B, C, and D.
SDS-PAGE was performed using Mini-Protean II system (BioRad, Richmond, CA) on ready-to-use Tris-HCl 12% gel (Biorad). Two molecular weight markers were used for each gel: Kaleidoscope prestained standards 7.5-216 kDa (BioRad) and Blue prestained SDS-PAGE standards low range: 19-207 kDa (Biorad).
Three batches representing 2 levels (0.1 and 0.25 ng SEA/g) spiking and a blank were prepared. The 0.1 ng/g level was chosen according to the known limit of detection (LOD) of the ELISA test specified for the detection step in the reference method. A weighed mass m of Tomme de Savoie (25% fat), without crust, was crushed and homogenized with a mass equal to 1.2 m distilled water heated at 38 ± 2°C.
Appropriate aliquots of SEA (200 ng/mL) were added to the slurries to obtain both targeted levels of contamination. The whole mixtures were mixed, and the homogeneous pastes obtained were then freeze-dried. The freeze-drying was performed at INA-PG (Institut National Agronomique Paris Grignon, Centre de Biotechnologies Agro-Industrielles, Thiverval-Grignon, France).
Three cycles were needed to freeze-dry 1.8 kg cheese for each batch. Freeze-dried powder for each batch was homogenized in a blender (Dino Sama, Aubusson, France). Homogenized batches were then divided into 12.5 ± 0.1 g portions, equivalent to 25 g cheese, and added to the bottles. The bottles were coded and stored at ambient temperature.
Homogeneity Testing of Batches
Ten bottles were randomly taken from each of the 3 batches (blank, low, and high levels). Each sample was quantitatively analyzed by the CRL in duplicate, according to the CRL confirmatory method, except the blank which was analyzed by the reference method (see below). Homogeneity was assessed by a one-way analysis of variance (ANOVA) of absorbance values for the blank batch and of amounts expressed in ng/g for the low-and high-level batches, according to the ISO/IUPAC/AOAC Harmonized Protocol for the Proficiency Testing, as recommended in ISO Guide 43, part 1.
Stability Study and Determination of Assigned Values for Batches of Low and High Levels
One sample per batch was quantitatively analyzed by the CRL in duplicate, according to the CRL confirmatory method at different time periods (week 0: corresponding to homogeneity testing; weeks 1, 2, 4, 8, and 12). The average was calculated over the entire period of stability and the resulting average values were taken as the assigned values for batches of low and high levels of contamination ( Figure 1 ).
Dispatching of Samples to Participants
Six freeze-dried coded samples of cheese, corresponding to blind duplicates removed from each batch, were sent to the participants by express delivery. Instructions for participants were included in the parcels as follows: a material receipt form, a report sheet, the reference method, and the protocol of hydration of freeze-dried samples.
Analysis by the Reference Method
The European reference method for detection of staphylococcal enterotoxins in milk and milk products was previously selected and characterized by the CRL (10, 11) .
The protocol of the reference method mainly includes 2 steps: extraction and concentration by dialysis, and detection by an enzyme immunoassay (EIA).
A 25 g portion of cheese sample or reconstituted sample was mixed in 50 mL distilled water at 38 ± 2°C, using Ultra Turrax. The slurry was adjusted with 5N HCl (Merck, Darmstadt, Germany) to pH 3.5-4 to precipitate caseins. The slurry was centrifuged at 10 000´g, at 4°C for 15 min. The aqueous supernatant was adjusted to pH 7-7.6 with 5N NaOH (Merck) and centrifuged as described above. The supernatant was filtered through glass wool and concentrated by a dialysis membrane molecular weight cut-off (MWCO): 6-8000 (Spectrum Laboratories, Inc., Rancho Dominguez, CA) against a 30% polyethylene glycol (Merck) solution, overnight at 4°C. The concentrated extract was recovered and adjusted to a final weight of 5 g with phosphate buffered saline (PBS; 145mM NaCl + 10mM Na 2 HPO 4 , pH 7.3 ± 0.2).
SEs are detected by a 3-step sandwich qualitative EIA. Following a comparative study performed by the CRL (10), the recommended kit is the Transia Plate Staphylococcal Enterotoxins ST 0796 (Diffchamb S.A., Lyon, France). The solid support of the reaction is a microtiter plate coated with antibodies specific for SEA, SEB, SECs, SED, and SEE. An immune complex is formed between the coated antibodies, the toxins in the concentrated extract, and the anti-SE antibodies conjugated with peroxidase. All reagents are included in the kit.
Briefly, 100 mL concentrated extract and 100 mL controls (positive and negative) are distributed in assigned wells and incubated at room temperature for 30 min while shaking (600 rpm) in an incubator/shaker (iEMS, Labsystems, Finland). After washing 5 times with the washing solution of the kit, Homogeneity study of low-(0.1 SEA ng/g) and high-level (0.25 SEA ng/g) 
CRL Confirmatory Method
Staphylococcal enterotoxins were detected and characterized by a quantitative indirect sandwich-type ELISA developed by Lapeyre et al. (12) . For the detection step, specific monoclonal antibodies (Mab) developed by Lapeyre et al. (13) were used as coating antibodies and rabbit polyclonal antibodies were used as probing antibodies. The presence of staphylococcal enterotoxins was revealed by goat anti-rabbit immunoglobulins coupled to horseradish peroxidase and determined by colorimetric measurement. The test was performed after concentration by dialysis of staphylococcal enterotoxins as described in the reference method.
Briefly, microtitration plates (Immulon II, Dynatech, Germany) were coated with 50 mL purified Mabs at concentrations of 5 mL/mL in PBS for Mab SEA. Plates were coated at 37°C for 2 h. The plates were washed with PBS and incubated for saturation with 1 g milk powder, 0.1% Tween-20 (Merck) in PBS (PBS-Milk-Tween; PMT) for 45 min at 37°C. After washing with PBS with 0.1% Tween 20 (PT), 200 mL concentrated extracts was incubated in duplicate in serial dilutions in PBS, 0.2% gelatin (Merck), 0.1% Tween (PBS-Gelatin-Tween; PGT) at 37°C for 45 min. A standard curve for SEA was generated by incubating 200 mL SEA (Toxin Technology) at an increasing final concentration from 0.125 to 2 ng/mL in PGT. The plates were washed with PT, and 50 mL rabbit polyclonal antibodies at 1/100 dilution in PGT was added to each well for 45 min at 37°C. After washing with PT, the plates were incubated with goat anti-rabbit IgG coupled to horseradish peroxidase (GAR-POX; KPL, Guilford, UK) for 45 min at 37°C, and then washed with PBS. Peroxidase activity was determined when absorbance values of the highest concentration of the standard curve reached 1.4 absorbance units (AU) after incubation with 100 mL 2,2¢azino-bis-3-ethylbenzothiozoline sulfonic acid (ABTS) peroxidase substrate (KPL). Absorbance values were determined at 405 nm in a microplate reader (MRX 3100, Dynex Technology) for SEA; the LOD was determined to be 0.03 ng/mL (14) .
The standard curve obtained with the CRL confirmatory method is absorbance value = f [SEA(ng/mL)]. It was previously shown that a linear relation exists between the SEA amount in ng/mL and ng/g (11) . Therefore, the concentrations in the unity of ng/g are determined from the final extract volume (5 mL) and the portion mass (25 g): 
Results and Discussion
The purchased batch of Tomme de Savoie cheese was analyzed for the presence of staphylococcal enterotoxins. The analysis for staphylococcal enterotoxins types A to E performed in duplicate according to the reference method showed that this batch was free of these types of enterotoxins.
The SDS-PAGE analysis of the commercial SEA solution showed one large band at 33.3 kDa. Because resolution of the SDS-PAGE is not sufficient enough to discriminate between the various serotypes of SEs, and enterotoxigenic strains of Staphylococcus aureus can produce more than one SE, we checked the purity of the eluted fractions using the CRL confirmatory method for SEA, SEB, SECs, and SED. Quantitation by the CRL method showed SEA and SED at 0.92 mg/mL and 0.58 mg/mL, respectively. The ratio between SEA and SED was estimated at 1586; this means that SED cannot be detected by the reference method when the SEA amount used for spiking samples is considered. Table 2 contains the data and calculation used to assess the homogeneity of batches contaminated at both low and high levels. For the low-level batch, the critical value of F (at 5%) was 3.02, which is lower than the calculated value (3.47). As recommended in ISO Guide 43, the ratio Ss/s should be considered:
where s (25%) = 0.0304. Because the ratio Ss/s was less than the maximum recommended value of 0.3, the low-level batch (0.1 ng SEA/g) could therefore be considered homogeneous.
Similarly, the ratio Ss/s for the high-level batch for which the calculated F was 11.76 should also be considered: Ss/s = 0.235 where s (25%) = 0.0584. Because the ratio Ss/s was less than the maximum recommended value of 0.3, the high-level batch (0.25 ng SEA/g) was therefore considered homogeneous.
Samples were analyzed by the CRL in duplicate according to the reference method, and the calculation of the mean (m), standard deviation for repeatability (SD r ), repeatability Cut-off value and raw data of the 3 levels (duplicates) of each participant using value (r), and relative standard deviation for repeatability (RSD r ) were done on absorbance values (Table 3) . Mean SEA values calculated by the CRL confirmatory method for both batches of low and high levels were 0.121 and 0.230 ng/g with SD of 0.0267 and 0.0664, respectively, and RSD of 22 and 28.6%, respectively. Even though the amount of SEA in each contaminated batch seemed to decrease between weeks 0 and 2 and raise at week 12 ( Figures 1a and 1b) , the observed variations can be explained by the RSD of the results, as batches were shown to be homogeneous. Notermans et al. (15) demonstrated the feasibility study of a reference material containing about 500 ng SEA; it was suggested that this dose can cause symptoms such as vomiting (16) . A few years later, Evenson et al. (17) estimated that the amount of SEA needed to cause vomiting and diarrhea was 144 ng, the amount recovered from a one-half pint (about 0.28 L) carton of contaminated 2% chocolate milk. Thus, the amount of staphylococcal enterotoxins can be estimated to 0.5 ng SEA/mL, which corresponds to 0.1 ng/g. That is why, in this study, the low-level batch was chosen at 0.1 ng/g.
According to the manufacturer's instructions, 2 parameters are used to validate the kit: the absorbance value of the positive control (PC), which should be ³0.5 AU and the absorbance values of the negative controls (NC 1 and NC 2 ), which should be £0.3 AU at 450 nm. Each laboratory then calculated the cut-off value of the test as the average of the negative controls plus 0.20. All participants strictly following the recommended protocol produced satisfactory data to validate the kit used. Laboratories performed the analysis at week 5 or 6 of the period of stability. Table 4 shows the characteristics of each ELISA kit batch purchased by each laboratory. The RSD of the absorbance values for the negative controls was calculated for each laboratory by the CRL. There was no significant variability in instrument/technique among laboratories; the abnormal high value for PC of laboratory code 5 can be explained by the fact that the laboratory simply forgot to dilute the PC, as recommended in the manufacturer's instructions. Globally Tables 5 and 6 show raw data and laboratory results, respectively. A sample is considered negative for staphylococcal enterotoxins if the measured absorbance value is lower than the cut-off value; the result obtained for the blank level is considered as negative if its absorbance is lower than the cut-off. A sample is considered positive for staphylococcal enterotoxins if its absorbance value is higher than or equal to the cut-off value; the results obtained for the low and high levels are considered positive if their absorbance values are higher than or equal to the threshold. Laboratories 4 and 5 obtained a false-positive result for one of the blind duplicates of the blank batch, and Laboratories 12 and 14 found a false-negative result for one of the blind duplicates of the low-level batch.
Exchanges with these laboratories to find possible explanations for these inaccurate results showed that false-positive results could be traced to a problem in pH adjustment during the extraction step, and false-negative results could be explained by the lack of sufficient practice of the method. Thus, these inaccurate results were probably due to the wrong implementation of the method by the laboratories involved and not to the method performance.
For the low-level sample, negative results obtained by Laboratory 9 showed that the extraction, followed by a concentration step, is a critical point of the procedure. Indeed, this laboratory did not perform the concentration by dialysis, which explains the discrepancy in their results. This critical point of the extraction had been already demonstrated (11) .
When taking into account data from laboratories that followed the reference method, conformity for the blank and the low-level batch was 86.7%. As for the high-level batch (0.25 ng/g), all laboratories found it positive.
Comments from Laboratories
Various comments were reported by participants who used the reference method. Several of them considered that the extraction step by dialysis was laborious, not easily applicable for routine analysis, expensive (for the dialysis bag), and time-consuming (the method takes more than 24 h to complete). Laboratories found the pH adjustment not easy to perform due to the viscosity of the rehydrated samples.
Conclusions
The preparation of a homogeneous and stable (for at least 12 weeks) material for SEA in a dairy product (freeze-dried cheese) was shown to be feasible. Considering the EU regulation for staphylococcal enterotoxins in milk and milk products (i.e., requirement of absence of staphylococcal enterotoxins in 25 g) and the difficulties in applying immunological methods as detection tools, the reliability of the detection of staphylococcal enterotoxins appears to be a critical point for official controls.
The method, despite its rather laborious and time-consuming extraction and concentration step, displayed good performance in terms of specificity and detectability when applied by the EU-NRL. The poor results obtained by one laboratory clearly confirmed that concentration by dialysis was one of the main critical points for staphylococcal enterotoxin detection.
The proficiency testing clearly demonstrates that such a test is necessary to obtain comparable results between laboratories in evaluating their ability. Taking into account the various levels (blank, low, and high) of the samples distributed, the practicability and the late assignment of the reference method, the NRL network exhibited satisfactory analytical competency for the detection of staphylococcal enterotoxins in milk products according to the EU regulation (Council Directive 92/46 modified by Directive 94/71).
